Abstract. The introduction of robots in health and wellbeing services could mean a great improvement in patients' life, but also implies a huge change in hospital's organization. This work introduces a empirical study that investigates the factors influencing the process of adoption of robots in hospitals. Interviews have been completed in a health organization leading this change. Learned lessons lead to define a balance of facilitators and barriers that should help to apply the innovation. This process has been completed from Kotter's leading change approach, since it would be the roadmap for the whole procedure.
Introduction
Computers were a great revolution in the 70s. Huge technical boxes helped us to solve difficult operations fast and with accuracy. At this time, only some companies could afford buying a computer, but today, 40 years later, they have become so common that there is almost no home in the developed countries without a computer with Internet connection. In 2006, $6,000 billions were invested in the no industrial robotics industry. There are nearly 850,000 robots around the globe, with an annual growth of 5% to 7% [2] . At this pace, comparing the incipient robotics industry with the computers industry, the day when elderly have robot assistants at home does not look very far away [7] .
The introduction of robots in health and wellbeing services could mean a great improvement in users' life, and there is a great amount of investigation related to this topic. In the last years, many robots have been developed. PARO is a $6,000 pet robot with a seal's shape being tested in Japanese nursing homes [14] . Moreover, there are already some old couples in Japan who have bought one PARO as a pet at home. The Huggable [13] is a robot aimed at children with diabetes type I, which looks like a Teddy Bear. It helps children learn how to treat their disease, but it also serves as a communication channel between the child and the professionals, or between the child and his/her family. Pleo is a dinosaur developed by Caleb Chung, the Furby's designer in the 90s. It is being used by the PATRICIA project's team [1] for a study on how to reduce pain and anxiety in hospitalized children, based on social interaction. Several studies exist also on how robots can help children with autism to socially develop [11] .
All these examples are about robots improving users' quality of life. Their introduction implies a huge change not only in the patient's personal life, but also in the way doctors, nurses, therapists and psychologists work. The impact in the first group of people's life is clear and has been documented in several papers, but the impact of robotics in the workplace is not well stablished yet.
Craig Brod defines technostress [4] as "a modern disease of adaptation caused by an inability to cope with the new computer technologies in a healthy manner". It could happen in two types of people: the ones who do not want to accept computer technology, and the ones who over-identificates with it. A company engaged in the introduction of robots as a professional tool must be able to anticipate resistences to prevent it and minimize its obstrusive effects. People who feel unskilled to learn the new competences derived from the use of robots could become obstrusive and limit, and even stop, the transformation. On the other hand, people who over adapt robots could become too concerned and focused on technology issues neglecting other considerations.
This work introduces a empirical study that investigates the factors influencing the process of adoption of robots at the workplace, more specifically in hospitals. It expands the topic of robotics from a management -human resources point of view [12] . By using Kotter's Leading Change theory [8] , it would be analysed how to manage the process of introduction and adoption of robots in the workplace. In order to appy this theory, the introduced empirical study, through interviews with professionals, helps to define a balance of facilitators and barriers, according to work in [3] , which suits with the new robotics implementation: on the one hand, usefulness, previous successes and the organization's vision and values are defined as in favor of introducing the change. On the other hand, economical costs, needed effort and depersonalization are established as drawbacks. Focus groups designed to define and check the balance have been developed in a hospital who is currently experimenting with robots. This analysed step should help to design a 'leading change' procedure in the organization.
In the next Section, some consequences of technological changes in organizations are depicted. The Kotter's Leading Change approach is presented as a valid tool to introduce therapeutic robots in hospital's organization. However, factors influencing this adaption/rejection should be firstly studied. In Section 3, the methodology applied to determine these factors is presented. It is based on interviews with professionals leading this change in a real institution. First results from the very first experiences introducing this change (Kotter's approach was not employed) are described in order to help to define facilitators and barriers (Section 4). Finally, some conclusions and future work lines are summarized.
Introducing a Technological Change
Robotics would mean a significant change in many aspects of hospital's organization and as any strategic change it could be envisaged by the different stakeholders as an opportunity and challenge -i.e. make the job more interestingor as a threaten -i.e. fear about employement shorcuts-. According to [9] , the introduction of computers in the workplace did have an effect of stress among workers because of the need of learning a new skill. Over 18% of the respondents confirmed it. However, it affected in different ways depending on age, education and occupation. On the other hand, computers at work also contributed to make it more interesting, as 60% of the people stated. An even more curious figure is that only a 4% thought computers made work less interesting. Answers were influenced by age, gender and education. It was also investigated in [5] how do healthcare professionals decide whether to accept or not telemedicine technology. A lesson learned from this study is that the most important issue in order to get the acceptation of the professionals is to have a good management. Management Direction should be in charge of cultivating positive attitudes towards robotics by emphasizing, demonstrating and communicating the new technology's usefulness. In this sense, training programs and other ressources to empower the proffessionals would be effective interventions.
Kotter's Leading Change Theory
Lesons learned from former studies can be easily linked with the Kotter's theory about Leading Change [8] . Accordingly, a number of steps are recommended and required in order to manage changes and transformations in an organization: (1) Establish a sense of urgency; (2) Form a powerful guiding coalition; (3) Create a vision; (4) Communicate the vision; (5) Empower others to act on the vision; (6) Plan for and create short-term wins; (7) Consolidate improvements and produce more change; and (8) Institutionalize new approaches.
The introduction of robots in a hospital could become an urgent issue if they prove like an useful tool that can differentiate good, modern hospitals from ordinary, traditional ones. To form a powerful guiding coalition, some managers need to be convinced first, but also clinicials. A group formed only by the company's top managers would fail in the mission, since there are often problems and opposition between them and healthcare professionals. Creating a vision is maybe an easier step in this process, as the visions of hospitals are usually clear and related to patients' health. Nevertheless, really communicating it could be more troublesome. It is not enough for a hospital to claim that they look for "a better place where everyone lives healthily". The next step would be creating short-term wins. Any significant change will normally take years before showing real, consistent results. For this reason, and in order to motivate people and show them there is progress among the process, the company must set SMART objectives (specific, measurable, achievable, realistic and time limited). These objectives have to be celebrated when achieved, consolidated, and then new objectives must be set. However, short-term wins are only temporal wins. If relax appears, opponents of the program will announce that it is time to rest. Finally, we have to institutionalize all the progress done. Not recognizing the win will discourage employees to work in future changes, as the recent effort made was not recognized and compensated.
A Balance of Facilitators and Barriers
In order to apply the Kotter's theory, this study investigates the factors that could influence in the adaptation or rejection of robotics at the workplace, more specifically in hospitals. Initial hypothesis will be set about facilitators and barriers to adopting robots in the organization, then they will be checked and revisited after having interviews with different profiles of professionals.
The starting balance of facilitators and barriers was the one described in [3] . There, the facilitators are defined as the perceived usefulness, the facilitating conditions, and the attitude towards using technology. Most common barriers are perceived usefulness (in the contrary direction), perceived ease of use and complexity, and perceived behavioral control. As it can be read in the next, for the case of robots introduction, according to the interviewed professionals, some different facilitators and barriers should be considered.
Methodology
For this study, information about introducing robotics in hospitals have been collected based on the Technology Adoption Model approach [6] . The main instruments used were interviews of 45 minutes long and semi-open questions on different topics related to the introduction of robotics in a hospital. Each of the interviews was a bit different and aimed at several topics. From the results of the study, a survey draft have been drawn, which could be conducted to bigger groups of nurses, doctors, or other healthcare professionals.
Participants
Participants were professionals recruited from the Hospital Sant Joan de Déu (HSJD). Founded in 1867 and located in the city of Barcelona, Spain, HSJD defines itself as a specialized hospital that uses high technology in order to help children and teens with diseases. Its Research and Innovation Department is constantly looking for new procedures and new solutions to the current pediatrics diseases. One of the last innovations they found interesting was the application of robots to the group sessions they organize for children with Autism Spectrum Disorders. They started using a robot for three months, collaborating with La Salle -Ramon Llull University, Spain.
Interviewed people were four: a doctor from the Research and Innovation Department; two professionals from the Psychology Department were also asked for support through interviews on their opinions towards the introduction of robots at their workplace; finally, a doctor of the Pediatric department was also interviewed. Doctors were chosen for this study because, even though they are not in permanent contact with the patient, they are the prescriptor, the leader of a team of nurses, and therefore the one we really need to convince about the usefulness of robotics technologies.
HSJD. Leading the Change
The hospital, though innovative, is also cautious. The Director of the Research Program is willing to apply new instruments, but they cannot be always developing new programs since that would be too risky and put their professionalism in evidence.
Some phases were completed before starting experimentation with robots. In the first place, they had heard a lot about robotics and their potential use with patients. At the beginning, the team did not put much hope on robots and showed skeptical, but as they read more about therapeutic applications they decided to give it a chance. Once they decided to trust in robotics, it was important to determine which kind of robot and what department of the hospital were going to be selected, according to its mind-openness. Taking this consideration into account, robots were finally introduced in the Psychology department with the treatment of children with autism, cerebral deficit, and traumatism. In the Director of Innovation's words: "you look for open-minded people, we did not chose any department for using the robot, but the one we knew that would accep it". This point is highly related to Kotter's theory on how to make changes happen. Now, the expectations of the program are set. The group of psychologists participating in the experiment expected robots inducing emotions and getting different reactions from the children. One of the functions they expected from the robot was to help children learn to recognise emotions through different activities that therapists prepared. After three months and several sessions, the group of therapists and engineers were satisfied with the results: the robot became a source of motivation for the children, and it also became a catalyst of the relationships between these children, as they had a common interest.
The experiment will continue next term with slight changes that derived from the learning's achieved during last term. One important detail is that robots must be predicable. As we read in [13] , autistic children respond better to robots than to humans because the former ones are easier to understand and follow. Therefore, using robots might be a good way to keep these children's attention.
The success of robotics adaptation in HSJD was possible in part because of HSJD's openness to innovation. The team that worked on this project was small, which made it easier as there were no opponents to the project. The reduced size also encouraged the bi-directional learning between therapists and engineers.
Results from Interviewed Professionals
Through the focus groups analyses, we concluded that professionals envisaged two conflicting perspectives: on the one hand, professionals would foster the use of robotics if they do feel it is useful and benefits patients. On the other hand, the perceived effort related to learning new skills and the fear of depersonalization in the professional-patient relationships leads people to refuse these new technologies. This is one reason why all new changes have to overtake a slower period of adaptation at the beginning, same as with products there is a group called "early adopters". Only those doctors and healthcare professionals who have seen it work before will feel safe and apply robotics with their patients; we can observe that the phase in which we are now is the "early adopters" one. However, it is expected that in the near future, the usage of robots will expand, as more and more researches are being conducted and more results are being attained through robotics.
A Modified Balance of Facilitators and Barriers
Factors were finally grouped in: Usefulness, i.e., how likely the robot will really help the patient and his/her disease, though interviewed professionals agreed they did not expect robots to solve the whole problem. Some people wonder how robots are different from iPads or from interactive videogames, and if the money spent on introducing robots instead of other already available technologies would be worthwhile. One clear answer we heard from an engineer was that children get closer with robots than with videogames. Robots can show emotions depending on their environment, so that they seem to be alive and create more engagement with the child, it is to say, robots enhance the sense of social presence.
Previous success is a second 'in favor' factor. It is important for doctors because it is a risk minimizer. If another hospital already experimented with robots and results were positive, other doctors will be more open to use the same kind of technologies in similar scenarios. It will be great help if doctors who have experience with robots would write reports or publish articles in specialized magazines so that the medical community would be more used to listen the word "robot" related to their business [10] . This would create a comfort around the topic, and would make inexperienced doctors easier to reach.
The third element is that organization's own vision and values are also critical in anticipating whether it is going to accept robots or not. Hospitals are, in the end, companies, so they have a vision and values that determine its personality. Some hospitals are traditional, and some are more visionary. This will affect on how likely doctors will accept or not great changes that are considered risky, such as the usage of robots with patients. In comparison with the results from the study we reviewed before, this facilitator could also be identified as "attitude towards using technology", since the vision and values of a hospital that is modern would move its doctors to accept new technologies better than the ones in a traditional hospital.
On the other side, high costs attached to the implementation of robots and their maintenance could make managers and also doctors more reluctant to apply the new technology. This effect can be easily neutralized in the near future, as the utility will counter the costs, and the costs will be lower in any case, due to the decrease of the raw material for robots, such as chips or cables.
The effort needed for learning new skills is a second adverse factor, because it can also back away the efforts. However, in the case of health practitioners, the lifelong training is naturaly accepted as a professional requirement. Any case, not all the employees are even engaged in training. Efforts are to be compensated by visible result and personal benefits.
Probably the most difficult obstacle to overcome will be the third factor, fear of depersonalization, when using robots with patients. Many professionals guess that using robots will replace, at least in part, their daily visits and direct contact with patients. Some doctors may think that managers introduce robots in the hospitals to mechanize their work and, in the long term, replace them in some activities such as pressure measure for instance. Another thought they might have is that older patients will not get used to robots and will not be satisfied if it is a robot instead of a real nurse the one that takes care of them. This one is the most difficult one to handle because it is not related to a tangible characteristic of robots, but an intangible idea that many people have in mind.
Health Professionals working together with Technicians
There is a lack of people who know about both healthcare and robotics fields, or at least people who are interested in both. Hence, an implicit difficulty in the introduction of therapeutic robots is the joint work of healthcare professionals together with technicians. Robots are sometimes remote-controlled, with a technician taking that responsibility.
Even though the healthcare professional could use the robot, technician help might still be needed. A professional both, controlling the robot and studying the patients, is very likely to feel overwhelmed by the activity, as our interviewed psychologist manifested. This fact was initially ignored, as the study was more focused on how professionals should learn the skills needed to work with robots but forgot in part how difficult and important their actual work is. As a result of working with the children but being worried about the robot, the therapeutic session did not go as well as normally, and some educational objectives were not achieved.
Conclusions and Further Research
The introduction of robots in health and wellbeing institutions implies a huge change in these organizations. This work introduces a empirical study that investigates the factors influencing the process of adoption of robots in hospitals. Methodology to obtain this information includes interviews with professionals in a health organization leading this change, the HSJD. Learned lessons from early experiences lead to define a balance of facilitators and barriers thant should help to apply the innovation. This process has been completed from the Kotter's leading change approach. Since the institution is decided to apply therapeutic robots in its daily activity, further research includes to plan a roadmap for the whole procedure.
